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Semiconductor construction

1.1 Atoms
An atomis the smallest particle of an element that retainshiagacteristics of that

element Eachknown element has atoms that are different from the atoms of all other
elements. This gives eaclerient a unique atomic structure

According to the classical dir mode] atoms have a planetary type of structure which
consists of a central nucleuarsounded by orbiting electron¥he nucleus consists of
positively charged particles called proton & baoged particles called neutrdalectrons

are the bds partcles of negative charg&ach type of atom has a certain number of
electrons & protons that distinguishes it frtdme atoms of all other elements. For example
the smplest atom is that of hydrogeh has one proton & one electraas shownrn figure
1-1(a). The helium atomshown in figur@-1(b), has two proton & tow neutron in the

nucleus orbited by tow electrons.
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Figure 1-1 Hydrogen & helium atoms

1.2 Electron shells & Orbits
Electrons orbit the nucleus at t@n distances from the nucleuElectrons near the

nucleus have less energyaththose in more distant orbits is known that discrete values
of electron energiesxist within atomic structures. Therefpredectrons must orbit only at

disaete distances from the nucleus
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Each discretelistance(orbit) from the nucleus corresponds to atam energy level. In an
atom orbits are grouped o energy bands known as shelfs given atom has a fixed
number ofshells Each shell has a fixed maximum number of elect@&npermissible

energy levels (orbit)
Energy

The differences in energy levels within \

shell are muclsmalle than the difference ir
energy between sHis the shells are
designated K, L, M, N & so gnwith K [

being closest to the nucleubhis concept is

illustratedin figure 1-2. >
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Figure 1-2 Energy levels increase afistance from nucleus increases

1. 3 Valence Electrons

Electrons in orbits farther from the nucleus are less tightly bound to the atom thar
those closer to theugleus This is because the force of attraction between the positively
chargenucleus & the negatively charge electrorr@ases with decreasing distance
Electrons with the highest energy levels exist in the outermost shell of an atom & are
relatively loosely bound to the atonThese valence electrons contribute to chemical
reactons & bonding wiiin the structure of a materialhe valence of an atom is the

number of electrons in its outermost shell.
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1.41onization
When an atom absorbs energy from a heat source or from flighgxample the

energy levels of the electron gains energymoves to an orbit farther from the nucleus .
Since the valence electrons possess more energy & are more loosely doi@datom
than inner electronghey can jump to higher orbits more easilgen external energy is
absorbed

If a valence electroncguires a sufficient amount of energy, it can be completely removed
from the outer shell & the atom's influence. The departure of a valence electron leaves
previously neutral atom withn excess of positive charge (more protons than electrons)
The procss of losing a valence electron is known as ionization & the resulting positively
charged atom is called a positive ion. For example, the chemical symbol for hydrogen i
H. When it loses its valence electron & become a positive ion, it is designatdde
escaped valence electrencalled a free electron

When a free electron falls into the outdrel of a neutral hydrogen atgnthe abm
becomes negatively charged (more electrons than pjotmsis called anegative ion

designatedO .

1.5 Silicon& Germanium Atoms
Two types of widely used semiconductor materials are silicon & germanium. Both

the silicon & the germaniumains have four valence electrod$ey differ in that silicon
has fourteen protons itsi nucleus and germanium has Bgjure :3 shows the atoim
structure for both materials
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Figure 1-3 Silicon & germanium atoms
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1.6 Atomic Bonding
When silicon atoms combine into neclles to form a solidnaterial they

arrange themselves in faxed pattern called a crystalfThe atoms within the crystal
structure areheld together by covalent bondshich are created by interaction of the

valence electrons of each atom.

Figure 1-4 Covalent bonds in silicon

Figure 14 shows how each silicon atom positions itself with faljaeent atomsSince an
atom can have up to digelectrons in its outer shel silicon atonwith its four valence
electrons shares an electron with each of its four neighbors. This sharing of valenc
electrons shares produces the covalent bonds thattihe atoms togethebecause each
shared electron is attracted equally by the fdjacent atms which share it. Covalent
bonding of a pure (intrinsjcsilicon crystal is shown in figure-5. Bonding for germanium

is similar because it also has four valence electrons.

Figure 1-5 Covalent bads in a pure silicon crystal

o |
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1.7 Conduction in Semiconductor Crystals

1.7.1 Conduction Electrons & Holes
A pure silicon crystal atbom temperature derives heat (themneaidergy from the

surrounding air, causing some valence electrons to gain sufficient energy to jump the ge
iron the valence band into the conduction band, becoming free electrons .This is illustrate

in the energy diagram of figude6(a) & in the bondingdiagram of figure 21(b)
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Figure 1-6 Conductionelectronsholes pair in an excited silicon atom

When an electn jumps to theonduction banda vacacy is left in the valence bandhis
vacancy is called a halé&or every electron raised to the conduction band by thermal or
light energy there is oa hole left in the valence banckeating whais called an electren

hole pair Recombination occurs when a conduction band electron loses energy & falls
backinto a hole in the valence band

There is also an equal number of holes in the valence band created when theses electrc

jump into the conduction bandhis is illustrated in figre 1-7.
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Generation of an
electron-hole pair

Recombination of
an electron with

Figure 1-7 Electron-hole pairs in a silicon crystal

1.7.2 Electrons & Holes Current

When a voltage is @tied across a piece of silicoas shown in figurd-8, the
free electron in the conduction baade easily dtacted toward the positive endhis
movement of free electrons is one type of eatrin a semiconductor material, called
electron current
Another current mechanism occurs at the vaddaue| where théoles creted by the free
electronsexist However a valence electro can "fall" into a nearby holewith little
change in its energy levahus leavinganother hole where it came frofaffectively the
hole has moved from one place twother in the crystal structyras illustrated in gure
1-9. This is called hole current.

B A<h meh & B

~ (i) = = §ifQ - Sl - SU-- Si 0

Figure 1-8 Free electron current in silicon
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@ A valence electron moves (3) A valence electron moves A ]
into 4th hole and leaves into 2nd hole and leaves @ A free electron

a 5th hole. a 3rd hole. leaves hole in
valence shell.

© A valence electron moves'\ @) A valence electron moves \(2) A valence electron moves —
into 5th hole and leaves into 3rd hole and leaves into Ist hole and leaves

a 6th hole. a 4th hole. a 2nd hole.
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Figure 1-9 Hole current in silicon

1.8 Doping

The resistivity's of silicon & germanium can deastically reduced and controlled
by the addition of impurities to the pure semiconductor naterhis process called
doping increaseshte number of current carriers (electrons or Heldais increasing the
conductivity & decreasing the resistivityh@ two categories ompurities are ftype & p-

type.

1.9 ntype semiconductor

To increase the number ofraductiorband electrons in purendivalent impurity
atom are addedlhese are atoms with five leace electrons such as arsemhbosphorus
& antimony .As illustrated in figur&-10, each pentavalent atom (antimony, in this gase
forms covalent bonds it four adjacent silicormtoms The electrons are called the
majority carriers inn-type material Holes in an ftype mateml are called minority
carriers >

- 3 ., Free (conduction) electron
= Si = from Sb atom
( - ) 6‘&9

Figure 1-10 Pentavalent impurity atom in a silicon crystal

T
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1.10 ptype semiconductor

To increase themumber of holes in pure silicortrivalent impurity atoms are
added These are atoms with threeemate electrons such akiminum, born & gallium
As illustrated in figurel-11, each trivalent atombprn in this caseforms covalent bonds
with four adjacent silicon atom3he number of holes can be controlled by the amount of
trivalent impurity added to the silicorSince meat d the current carrier are holesilicon
(or germaniumdoped in this way is callea ptype semiconductor materidlhe holes are
the majoiity carriers in ptype material Electrons in gype mateml are called minority

carriers

- A =1 /.,-‘
= _Si ( B ) Si 2

Figure 1-11 Trivalent impurity atom in a silicon crystal
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1.11Pn-junction

When a piece of silicon is doped so that half-type & the other halis ptype a
p-n junction isformed between the two regigras shown in figurd-12(a) This device is
known as a semiconductor diode. The n region has many conduction electrons & the

region has many holes, as shown in figlvE2(b)

2n junction

7 region n region

O Hole & Randomly drifting
free electron

Figure 1-12 Basicpn structure at the instant of junction formation

1.12The Depletion layer

When no external voltage, the conduction electrons in the n region are aimlessly
drifting in all directions.At the instant of junction formation, some of the electrons near
the junction diffuse across into the p region & recombine with holes near the junction.

As a result of this recombine process, a large number of positive & negative ions build uj
near the g junction. Thus, as the ion layer build up, area on both sides of the junction
becomes essentially depleted of any conduction electrons or holes & is known as th

depletion layer. This condition is illustrated in figurd 3.

Depletion region

P region 7 region

———
Barrier '
potential |

Figure 1-13 Equilibrium condition
The existence of the positive & negative ion on opposite sides of the jurccgates a

barrier potential {g) across thealepletion layeras indicated in the figure .At &5, the

barrier potential is approximately 0.7V for silicon & 0.3V for germanium.
t®
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1.13 Biasing thepn junction

There are two bias conditiofgr a ; junction: forward &reverse. Either of these
conditions is created by application of an external voltage of the proper polarity.

1.13.1 Forward Bias

Forward bias is the condition that permits current acrose gupction. Figurel-14
shows a dc voltage connectieca direction to forwardbias the pn junction.

pregion n region

+ Vpps — O
Figure 1-14 Forward-Bias Connection

The negative terminal of the battery pushes the condubfiod electrons in the n region
toward the junction, whilghe positive terminal pushes the holes in the p region also
toward the junction, the external voltage source provides the n region electrons witl
enough energy to penetrate the depletion layer & cross the junction, where they combir
with enough the p regn holes.Current through the n region is the movement of
conduction electrons (majority carriers) toward the junction. One the conduction electron:
enter the p region & combine with holes, they become valence electrons. They then mov
as valence electrorfsom hole to hole toward the positive connection of the battery, so,
current in the pregion is the movement of holes (majority carriers) toward the junction.

Figurel-15illustrates current in a forwaibiased diode.

Depletion region

n region

lvl". ARRIER

Figure 1-15 Forward current in a diode casethe depletion layer to narrow
M n
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1.13.2 The Effect of forward bias on Depletion Region

As more electrons flow into the depletion region, the number of positive ions is
reduced. As more holes effectively flow into the depletion region on other side of pn
junction, the number of negative ions is reduced. The reduction in positive and negativ

ions during forward bias causes thel@épn region to narrow, as indicated in figur&6

VaARRIER
G

Depletion region

Figure 1-16 Forward bias narrows the depletion region

1.13.3ReverseBias

Reverse bias is the condition that prevents current acrossitignption figurel-17
shows a dc voltage source connected to reMaiesethe diode. The negative terminal of
the battery attracts holes in the p junction, while the positive terminal also attracts
electrons away from the junction, the depletion layer widens; more positigeai@n

created in the n region & more negative ions are created in the p region, as shown in figu
1'17??OR gl8 B region i rcgion» :

T—-—-———-—O = — Venas t
Figure 1-17 Reverse bias
The depletion layer widens until the potential differencess it equals the external bias

voltage as indicated in the figutel8.

p region Depletion regior nregion

|
P e S T S

Figure 1-18 Reverse bias

M M
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1.13.4 Reverse leakage current

There is a very small leakage current produced by minority carriers during reverse
bias. This current is typically in theé 6 or &€ 0 range. Under the influence of the
external voltage, some electeormange to diffuse across then punction before
recombination.

The reverse leakage current is dependent primarily on the junction temperature & not o
the amount of reversaiased voltage. If the external revetsased voltage is increased to

a large enough value, avalanche breakdown occurs. Mostidindemally not operated in
reverse breakdown & can be damaged if theyReserse leakage currestillustrated in
figure 1-19.
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Figure 1-19 The extremely reverse current in a reverse biased

1.14 DiodeCharacteristic Curve

Figure 120 is a graph of diode current verst I (mA)

voltage. The upper right quadrant of the gra

represent the forwarbiased condition there is ver

little forward current for forward voltage below tF Forward

bias

barrier potential .As the forwanebltage approache: Vi

Vi = ===

the \alue of the barrier potentiad (7V for silicon & "Rnee

» Vi

]

0 0.7V
Barrier
potential

0.3V for germaniur)) the current begins to increas Reverse

hias

.Once the forward voltag reaches the barrie

potential the current increases drastically & must

limited by a series resisteThe voltage across th DA Y
R (Hf

forward-biased diode remains approximately equal

to the barrier potential. Figure 1-20 Diode characteristiccurve
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The lower left quadrant of thgraph represent the revetfisiased condition .As the reverse
voltage increases to the left , the current remains near O until the breakdown voltage
reached .When breakdown occurs there is a large reverse current which ,if not limited ,ce

destroy the wde, the breakdown voltage is greater than 50V for most rectifier diodes .

1.15 Symbol

Figure1-21(a)and (b)is the standard schematic symbol for a rectifier diode .The

arrow point in the direction of conventional current .The two terminal of diode are anode
& cathode .When the anode is positive with respect to the cathode ,the diode is-forwarc
biased & currents from anode to cathode ,as shown in figik22. When the anode is
negative with respect to the cathode, the diode is retsssed, as shown in figude2?2.
Some typical diodes are shown in figute23 to illustrate the variety ofphysical
structures.

pn junction

Metal contacts and
wire leads

A Anode (A) Cathode (K)

(b} Schematic symbol

(a) Basic diode structure

Figure 1-21 Diode structure and schematic symbol

5 .
X Viias VBias

+ — -
—|— =

Figure 1-22 Forward bias and revers
bias diode

Figure 1-23 Typical diode
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1.16 The Ideal Diode Model
The ideal model of a diode is a sample switttnenforwardbiased the diode acts

as a closed (on) switch & when revelsasedit acts as an open (off) switchs figurel-
24. The characteristic curve fohis approximation is also showNote that the forward

voltage & reverse current are always 0.

I
A
Ideal diode model Ideal diode model
A K A O/C K
- Foi | I=0 Ve Ve
Rynvir § A ‘ Ripar g
£ Vaias Viias |
{ cirpese. Ll -1+
— = il I
|| I 1 Il R
(a) Forward bias (b) Reverse bias (c) Ideal characteristic curve (blue)

Figure 1-24 The ideal model of a diode
The forward current is determined by the bias voltage and the limiting resistor using

Ohm's law
o ©
Y

1.17 The Practical DiodeModel
The practical model adds the barrier potential to the ideal switch nibéel,

forward-biased diode is represented as a closed switch in series with a small "battery
equal to the barrier potentiak¥0.7V for S & 0.3V for Ge), as shown in figurk25.

I

Practical diode model Practical diode model
Ve
+1.1,~ K A K
3 ]I[——o——o—— oy o
5 ' Viias
Iy /=0
Rynr I Ryt Vi e Ve
+ Vs e ) Varas -
B o 1
| 1|l
| | r
(a) Forward bias (b) Reverse bias (c¢) Characteristic curve (silicon)

Figure 1-25 The practical model of a diode

M



Chapter one SemiconductorConstruction Asst. Lect.: Mayada J. Hamwdi

The forward current is determined by applying Kirchhoff 's voltage law to fitp2%®
W W w T
W 0Y

Substituting andolving for "0,

'O W W
Y
The diode is assumed to have zero reverse current, as indicated by the portion of the cur
on thenegative horizontal axis,
© 00

W

1.18 The CompleteDiode Model

The @mplet model of a diode consists of the barrier potential, the small forward
dynamic resistanca and the large internagsistancei
When the diode is forwardiased, it acts as a closed switch in series with the barrier
potential voltage and the small forward dynamic resistance as indicated in figure-1
26(a). When the diode is reverbiased, it acts as@enswitch inparallelwith thelarge
internal revers resistance , asshownin figure 1:26(b). The barrier potential does not
affect reverse bias, so it is not a factor.

I (mA)
Complete diode model Complete diode model Slope due
o Lo the Jow
forward
WAL ¥ r:::llunce
A + '| - d K 518
I | Ve L -V
< + 07V
>
Ru.\mg Iy Rinir Small reverse current
2 Vaias = due to the high
> |I|l = reverse resistance
'l Ip (HA)

{(a) Forward bias (b) Reverse bias (c) Characteristic curve (silicon)

Figure 1-26 The complete model of a diode

M p
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The complete model ofsilicon diode the following formulas apply:

6 TEG O
O T

I EXAMPLE 1-1

(a) Determine the forward voltage and forward current for the diode in Figure 1-36(a)
for each of the diode models. Also find the voltage across the limiting resistor in
each case. Assume r; = 10 () at the determined value of forward current.

(b) Determine the reverse voltage and reverse current for the diode in Figure 1-36(b)
for each of the diode models, Also find the voltage across the limiting resistor in
each case. Assume Jp = 1 uA.

» FIGURE 1-36
Ry Rumir
Wv ‘Wv
1.0 kKQ 1.0 k(2
2 Bnd =
Vpiag =—= 10V Vaias =——= 5V
(a) (b)
Solution (a) Ideal model:
Ve=0V
Viias 10V
f=——=——=10mA
o Ry 1.0KO

VR! RArT = IFRLIMIT = (10 mA)(lO k‘(l) = 10 V
Practical model:

Ve =07V
VBIAS e VF 10V -07V 93V
Ir = = = =93 mA
Ty 1.0 kO 1.0k =

Ve = IFRumr = (93 mA)(1.0kQ) =93V

Complete model:

V - 07V 0V -07V 3V

I = 2% — = 0 w23 Ve L g A
RLIMIT + L 1.0 kQ + IOQ IOIOQ

Ve =07V + Iy = 0.7V + (921 mA)(10 Q) = 792 mV

VRLIMIT = ]FRLIM[T = (921 mA)(l.O kﬂ) =921V

MC
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L=0A
VR - VBIAS = 5 V
VRLIM[T =0V
Practical model:
IR = 0 A
Ve = Vaas =SV
VRLIM]T =0V
Complete model:
I = 1A
Vicar = f&Bumir = (1 #A)(1.0kQ) = 1mV

Ve = Vaias = Vipgr =5V — 1 mV = 4999V
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Home Work

Chooseéhe correct answer
1) The particle of an element that retains the characteristic of that element is

a atom b- electron c-proton
2) The basic particle of negative charge is
a neutron b- proton c- electron

3) The charge which must orbit only at discrete distance from the nucleus is

& proton b- electron
4) The silicon has in its nucleus
a 32 protons b- 14 protms €16 protons

Circle the correct answer
1) Each orbit from the nucleus corresponds to a certain
a number of protons -mumber ofelectrons -cenergy level
2) When an exdrnal energy is absorbed the electrons can jump to
a lower orbits  b- higher orbits
3) The silicon atom have at its valence orbit
a 6 electrons b- 4 electrons €14 electrons
4) The atoms within the crystal structure are held together by
a atomic banding -bvalence bonding c- covalent bonds
Choose the correct answer
1) For every electno raised to the conduction banthere is-- left in the
valence band.
a two holes b-one holes -tthree holes
2) The movement of free electrons in the-- is called electron current
a valence level b- conduction band
3) Increaseshe number of current carrieithus increasing the----
a resistivity b- conductivity
4) The electrons are called the majority carriers in
a p-type b- n-type

My
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Circle the correct answer
1) Holesin n-type material are called
a minority  b-carriers  €majority
2) Since most ofthe current carriers are hojesilicon doped in this way is
called
a p-type b n-type
3) Electrons in pype material are called

a minority curriers b- majority curriers

Choose the correct answer:

1) At forward bias of prunction the region which is connected tegative
terminal of the battery is a{n-region b p-region).

2) When the prunction is forward biased the negative terminal of the battery
pushes the--------- in the nregion toward the junction Heholes
b- electron).

3) For forward biasing pfunction, the electrons move -as-- toward the
positive connection of the battery enter theegion (a valence electrons
b- conduction electron).

4) The external bias voltage must overcome-thdefore the diode conducts (a
n-region b p-region c- barrier potential).

Choose the correct answer:

1) The depletion layer is build up by
& conduction electrons -\lmlence electrons c- lons

2) The positive terminal of the battery pushes+han the pregion toward the
junction at toward biasing the ganction
a holes -lelectron c- lons

3) For the reverse bias of punction the negative terminal of the battery
attracts----- in the pregion away from the pjunction
a lons b conduction electrons c- holes

4) Very small leakage current produced-$y----carrier diring reverse bias
prHunction
a minority curriers {majority curiers
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Choose the correct answer:
1) The voltage across the forward bias diode remain approximately equal to the
a barrier potential fdrop voltage of bulikesister
2) The arrow point in the standard schematic symbol of theedi®dn the direction of
a reverse current b- forward current
3) The barrier potential of silicon diode is
a 0.3V b-0.7Vv ¢ 0.9V
4) The average value of the output for hative rectifier is equal to
a3V Z b-2Vp 7 c-Vp Z

Choose the correct answer:
1) The PIV occurs at the peak of the heytcle when the diode is

a forward-biased b- reversebiased
2) The reverse voltage of the silicon diode must be less than
a barrier potential b- breakdown vdtage
3) When the anode is positive with respect to the cathode, the diode is

a- forward-biased breversebiased
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Diode Applications

2-1 The Basic DC Power Supply

The dc power supply converts the standard 110 V, 60 Hz ac available at wall

outlets into a constant dc voltage.

Basic block diagrams for a rectifier and complete power supply are shown in fidure 2
The rectifier can be either a halflave rectifier or afull-wave rectifier. The rectifier
converts the ac input voltage to a pulsating dc voltage, which isMa&ké rectified as
shown in Figure 2.(a). A block diagram for a complete power supply is shown in part (b).
The filter eliminates the fluctuation irthe rectified voltage and produces a relatvely
smooth dc voltage. The regulator is the circuite that maintains a constant dc voltage for
variations in the input line voltage or in the load. Regulator vary from a single device to
more complex integretedrcuits. The load is a circuit or device for whithe power

supply is pproducing the dc voltage and load current.

11OV, 60 Hz Half-wave rectified voltage
s e
0 ‘f / 0
l' \/ [
Ve ;D—— Rectifier |1——

(a) Half-wave rectifier

! - .
110 V, 60 Hz Filtered voltage Regulated voltage

f\ \ /\ /-.\ Vi
/ \ |/ fARE Y DC Voc
0 \ ||’

Wl s

Vie :S—— Rectifier Filter Regulator |T—0—

(b) Complete power supply with rectifier, filter, and regulator

Figure 2-1 Block diagram of a rectifier and dc power supply with a load

H M
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2-2 The Half-Wave Rectifier

Rectification is the process of convertiagto pulsatingdc. In Figure 2-2, an
AC source is connected @ load resister through a diqgdehen the sine wave goes
positive , the diode is forwatbiasedandconducts current to the load resister ,as shown in

part (a). The current develops a voltage across the load which has the same shape as
positive halfcycle of the input voltage.

3+ —
N =
g I 3
s/ E it | Voize 4\
(1] A R]‘ {
1 n 15

] n

(a) During the positive alternation of the 60 Hz input voltage, the output voltage looks like the positive
half of the input voltage. The current path is through ground back to the source.

- +
i
I=0A -
\'.‘c. > L‘-r.w.' .
0 R, 0~ e—
Ty ’l; ;’: n 4]
+

(b) During the negative alternation of the input voltage, the current is (), so the output voltage is also 0.

(c) 60 Hz half-wave output voltage for three input cycles

Figure 2-2 Half i Wave Rectifier

When the input goesegative during the second halfcle, the diode is reverdmased.
There is no current, so the voltage across the load resister is 0, as showr(bi) péue

net result is that only the positive haljcle of the input appear across the load, making
theoutputa pulsingdc voltage as shown in p&(d).
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2-2-1 Average value of Halfi Wave OQutput Voltage

The average (dc) value of halfave rectifieroutputvoltageis determine by finding

the area under the curve over a full cycle, dagare2-3 we get :

w Wi Wi Qé &b I¢”

Wherew is thepeak voltage

W

The average value is the value that wdrgddndicated by a dc voltmeter

!
Ve mmm e

Figure 2-3 average value of Half Wave Rectifier

| EXAMPLE 2-1
What is the average value of the half-wave rectified voltage in Figure 247

S0V -—--

(1AY

FIGURE 2-4

Solution Vivg =

Notice that Vg 1s 31.8% of V,

2-2-2 Effect Barrier potential of Half 1 Wave Rectifier Output

During the positive haltycle, the input voltage must overcome the barrier

potentialbefore the diode becomes forwdriised, as shown iigure2-4.

H O
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an

an

LT W

For silicon, and

v, .
plin)

0.7V

+
\ 4
Q

Voim=07V

7 -—
tp(mu) = "plin)

Figure 2-4 Effect Barrier potential of Halfi Wave RectifietOutput

|EXAMPLE 2-2

(a)

Solution

FIGURE 2-7

Output voltages for the circuits in
Figure 2-6. Obviously, they are
not shown on the same scale.

Draw the output voltages of each rectifier for the indicated input voltages, as shown in
Figure 2-6. The IN4001 and IN4003 are specific rectifier diodes.

+|0()V———/—\ /\
Vi Vi, 0 o Voour
\/ \/ IN4003
Ry, -10V-—=—---

1.0kQ

IN4Q01
Ry
1.0kQ

ib)

FIGURE 2-6

The peak output voltage for circuit (a) is
Voowy = Vi = 07V =5V =07V =430V
The peak output voltage for circuit (b) is
V/-'("”r) = V{)[fm =, 0.7 V = 100 V =3 0.7 V = 99.3 V

The output voltage waveforms are shown in Figure 2-7. Note that the barrier
potential could have been neglected in circuit (b) with very little error (0.7 percent);
but, if it is neglected in circuit (a), a significant error results (14 percent).

0 0

(a) (b)



Chapter two Diode Applications Asst. Lect.:Mayada J. Hamwdi

2-2-3 Maximum Reverse Voltage

The maximum valueof reverse voltage, sometimes desighated as peak inverse
voltage Q )),6occurs at the negative alternation oé timput cycle when the diode is

reverseebiased. This condition is illustrated kigure 2-5. TheO ) &quals the peak value

of the input voltage  —
L "Ow wx)

t,
V. 0 R
i § Ry
Ty
' J

Figure 2-5 The PIV occurs at the peak of the haflfycle

2-2-4 Half-Wave Rectifier with Transformer-Coupled Input Voltage

A transformer isoften used to couple the ac input voltage from the source to the
filter, as shown in Figure-8. Transformer coupling provides two advantages. First, it
allows the source voltage to be stopped up or stepped down as needed. Second, the
source is electrally isolated from the rectifier, thus preventing a shock hazard in the
secondary circuit.

The turn's ratio will be defined as the ratio of secondary térns to primary

turns,0 g O O

(b ‘8 d) [' T .N:""- ‘\".\‘(‘i' I N o
The peak secondary voltage, V., @ Vi II W %RL
in a transformecoupled haHwave 1 l
rectifieris the same a® il g
w) w) T 6 Figure 2-6 Half-Wave Rectifier with Transformer
and 0) 6w
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2-3 Fulli Wave Rectifiers

A full-wave rectifier allows unidirectional (oreay) current through the load during the
entire 360 of the input cycle, whereas a hathve rectifierallows currentthroughthe
load duringonehalf of thecycle. The result ofull-wave rectifications an outputvoltage
with a frequency twice the input frequency that pulsates everychek of the input, as

shown inFigure 27

Figure 2-7 Full i Wave Rectifier



